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ABSTRACT

Ninety-six weaned New Zealand White (NZW) rabbits, aged 30 day and
weighing average 586+13.23 g were used in this study during winter and summer
seasons. In each season, two groups were used; the first group was fed ad libitum a
commercial pelleted diet and was kept untreated to serve as a control, while the other
group was fed the same diet, but supplemented with 0.2% dried Arak powder. Daily
weight gain, feed intake and some thermo-respiratory responses were recorded from
weaning up to 12 week of age. At this time ten rabbits from each group were
slaughtered and carcass characteristics were measured and blood samples were
collected. Results obtained showed that final body weight at 12 week of growing NZW
rabbits increased significantly (P<0.05) with Arak inclusion under winter and summer
seasons compared to control group, whereas daily feed intake had insignificant
differences as Arak treatment. Dietary supplementation of Arak to NZW rabbits either
in winter or summer season caused significant (P<0.05) increased in some
haematological and biochemical parameters. Interaction between season and Arak
addition effects were significant (P<0.05 or P<0.01) on weights of carcass and its
components. The lowest values of all thermo-respiratory traits were recorded for
rabbits reared during winter season than those in the summer season. Also, results
demonstrated that rabbits treated with Arak in the summer season retained rabbit’s
respiration rate and rectal and skin temperatures to nearly that of the untreated group
in the winter season. The present results indicate an improvement in net profit, by
about 20%, for rabbits fed diet containing Arak compared to those fed diet with no
addition.
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INTRODUCTION

The climate and nutrition factors are so important, which affect the
economic intensive rabbit's production, under Egyptian conditions Marai et al.
(2008).

In Egypt, the breeding season of rabbits is normally from October till
April, due to the negative effects of heat stress of summer season on
productive and reproductive performance. Increase disease incidence, blood
system impaired, mortality, decreased fertility, reduced reproductive
efficiency are the most obvious sings of heat stress, all of which adversely
affect production economics (Bani et al., 2005 and Marai et al., 2006). So
that, using some natural nutrient additives were practiced to improve the
productive performance.



El-Sawy, M. A. et al.

Several attempts have been made to improve rabbit's production using
various commercial growth promoters (Ashour et al., 2004 and Morsy et al.,
2012). Ibrahim et al. (2005) and El-Kholy et al. (2008a and b) showed that
Arak (Salvadora persica) can be used as an alternative growth promoter as it
enhanced immune function and favored meat quality in growing rabbits. Arak
stems are obtained from the roots of Arak, which grows in the area around
Mecca and the Middle East area in general. It has medicinal value in manifold
uses. Arak contains more than 10 different natural chemical compounds:
fluoride, tannins, resins, alkaloids -Salvadoricine-, volatile oils -sinigrin-,
sulfur,vitamin C,sodium bicarbonate, chlorides, calcium, benzylisothiocyanate
and others, including silica -salicylic acid-, sterols, trimethylamine, saponins
and flavonoid (Akhtar and Ajmal, 1981 and Hattab, 1997). Five flavonoid
compounds (kaempferol, quercetin, quercetrin, rutin and quercetin glucoside)
were isolated from the root of this plant (Islam et al., 2000). Flavonoids have
antibacterial, astringent, detergent and abrasive properties (Almas and
Stakiw, 2000 and Almas, 2002). Besides flavonoids, both polyphenolic
compounds and certain alkaloids seem to stimulate immune function, reduce
cholesterol level and play a role in prevent number of chronic diseases such
as cancer and cardiovascular disease in rabbits (Jeon et al., 2001 and
Yousef et al., 2004). The purpose of the present study was to evaluate how
various productive traits, haematological and biochemical indices and
thermo-regulation responses of growing NZW rabbits are affected by season;
Arak inclusion as a dietary supplement and their interactions.

MATERIALS AND METHODS

The study was carried out at Sakha Experimental Station, belongs to
Animal Production Research Institute, Ministry of Agriculture, Egypt during
the breeding season from December to February (winter) and from June to
August, (summer). Averages of ambient temperature (AT, °C) and relative
humidity (RH, %) inside building were recorded weekly. Then, the
temperature humidity index (THI, units) was calculated using the equation
modified by Marai et al. (2001) as follow:

THI =db °C — [(0.31 — 0.31 x RH%) % (db °C — 14.4)]

Where: db °C = dry bulb temperature in Celsius, RH%= relative
humidity percentage.

The values obtained are then classified as absence of heat stress
(<27.8), moderate heat stress (27.8-28.8), severe heat stress (28.9-29.9) and
very severe heat stress (>30.0).

Experimental design :

Ninety-six weaned NZW rabbit aged 30 day were used during winter
and summer seasons. Through each season, two groups were used; the first
group was fed ad libitum a commercial pelleted diet according to NRC (1977)
recommendations and was kept untreated to serve as a control, while the
other group was fed the same diet, but supplemented with 0.2% dried Arak
powder. Chemical composition of Arak was determined in duplicate according
to AOAC (2006), containing (% DM): 27.9 ash, 12.4 crude protein, 1.71 ether
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extract, 50.0 nitrogen free extract and 7.95 crude fiber. The ingredients and
chemical analysis of the experimental diets are shown in Table 1. The Arak
stems were cut into small pieces and allowed to dry at room temperature for
2 days, then ground to powder in a ball mill. All the experimental animals
were healthy and were kept under the same management and hygienic
conditions.

Table 1: Ingredients and calculated chemical analysis of the pelleted
diet fed to growing rabbits.

Items %
Ingredients
Clover hay 30.00
Wheat bran 26.20
Barley grain 23.00
Soybean meal (44%) 16.00
Molasses 3.00
Limestone, sodium chloride 1.5
Vitamins and mineral premix ' 0.30

Calculated analysis ?

Crude protein % 16.72
Ether extract % 2.95
Crude fibre % 13.07
Digestible energy, kcal/kg 3 2490

TVitamins and minerals premix per kilogram diet contains:

Vit. A, 6000.0 1U; Vit. D, 900.0 1U; Vit. E, 40.0 mg; Vit. K3, 2.0 mg; Vit.
B1, 2.0 mg; Vit. B2, 4.0 mg; Vit. Bs, 2.0 mg; Vit. B12, 10.0 ucg; Nicotinic acid,
50.0 mg; Biotin, 50.0 pcg; Folic acid, 10.0 mg; Choline chloride, 250.0 mg;
Zinc, 50.0 mg; Manganese, 85.0 mg; Iron, 50.0 mg; Copper, 5.0 mg; lodine,
0.2 mg; Selenium, 0.1 mg; Cobalt, 0.1 mg.
2According to NRC (1977) for rabbits.

3Digestible energy (kcal’lkg DM)= 4253 - 32.6 CF (% DM) — 114.4 Ash
(% DM). According to Fekete and Gippert (1986).

Experimental procedure :
Productive traits :

The averages of daily weight gain (DWG, g) and daily feed intake (DFI,
g) were calculated weekly for each rabbit during the growing period (12
week). Feed efficiency (FE, g/g) was calculated as a ratio of g gain/g feed. At
the ends of the experiment, ten rabbits from each experimental group were
randomly taken for slaughter after being fasted for 12 hours. After complete
bleeding, the carcass, head, kidneys, liver, heart and lungs were weighed
and dressing percentage was calculated. Also, feeding economic efficiency
(EE) was calculated and carried out according to the prices of feed
ingredients.
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Thermo-respiratory responses:

Ear lobe "ELT, °C" (in the central area of the auricle); skin "ST, °C"
(between neck and lion, medial dorsal surface) and rectal (RT, °C)
temperatures were determined by using digital thermometer. Rectal
temperature was obtained gently by inserting the clinical thermometer for 2-3
cm in the rectum for 2 minutes. Respiration rate (RR, breaths/minute) was
determined by counting the frequencies of flank movement in the minute. All
Body temperatures and respiration rates were weekly measured individually
at mid-day (between 12 to 3 pm). All possible precautions were taken in
consideration to avoid disturbing the animal, including counting the
respiration breaths, just before measuring the body temperatures.

Blood sampling and analyses :

Immediately after slaughtering, blood samples were collected from the
four rabbits per each experimental group. The samples were collected into
dry clean centrifuge tubes, the serum was separated by centrifugation at
3000 r.p.m. for 20 minutes and kept in a deep freezer at -20 °C until
biochemical analysis. Non-coagulated blood was tested shortly after
collection for determination blood pictures including, red blood cells count
(RBCs, 108/mm?), white blood cells count (WBCs, 103/mm3); hemoglobin (Hb,
g/dl) concentration and hematocrite value (Ht, %) according to Drew et al.
(2004). Total protein (TP, g/dl) and albumin (Alb, g/dl) levels were determined
using commercial kits supplied by Randox (Randox Laboratories Ltd,
Crumlin, Co, Antrim, UK) according to Henry et al. (1974). Globulin (Glb, g/dl)
concentration was estimated by subtracting the values of Alb from the
corresponding values of TP. Serum samples were analyzed for
determinations of aspartate amino transferase (AST, U/L) and alanine amino
transaminase (ALT, U/L) using commercial kits (Linear Chemicals,
Barcelona, Spain) according to the manufacturer procedure.

Statistical analysis:

Data of the experiment was statistically analyzed according to SPSS

(2012) computer program using the following fixed model :-
Yik=p + Si+ Tj+ ST + e,

Where: Yik = an observation; p = the overall mean, common element to
all observations; S; = the fixed effect of the season (i = 1 "winter" and 2
"summer); T; = the fixed effect of treatment (j = 1 "control" and 2 "treated");
STj = the interaction effect between i" season and ji treatment; and ejx =
random error component assumed to be normally distributed. Data presented
as percentages were transformed to the corresponding arcsine values
(Warren and Gregory, 2005) before being statistically analyzed. The
differences among means were tested using Duncan's New Multiple Range
Test (Duncan, 1955). All data are presented least square means.

RESULTS AND DISCUSSION
Climatic conditions:

Averages of AT, RH and THI during the whole experimental period are
shown in Table 2. The THI data clearly indicated an absence of heat stress
conditions (less than 27.8) during winter season. While during the summer
season rabbits were exposed to moderate heat stress according to estimated
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THI value (28.8). It was suggested that the optimal temperature humidity
index for the rabbit husbandry is 27.8 (Marai et al., 2002).

Table 2: Averages of ambient temperature (AT, °C), relative humidity
(RH, %) and temperature humidity index (THI, units) during
winter and summer season.

Season Months AT (°C) RH (%) THI (Units)
Winter December 18.0+0.44 71.0+£1.00 17.7 £ 0.43
January 195+045 72.3+1.01 19.1+0.44
February 20.2+042 71.2+1.03 19.7 £ 0.44
Average 19.2+043 71.5+1.02 18.8 £ 0.43
Summer June 29.6+0.52 69.3+0.61 28.2 £ 0.57
July 29.8+0.51 71.0+0.57 28.4 + 0.56
August 31.6+055 68.5+0.68 29.9+0.55
Average 30.3+0.53 69.6+0.63 28.8 £ 0.56

Growth performance and feed efficiency:
Season effect:

Results in Table 3 showed significant differences (P<0.05) between
season groups in growth performance and feed efficiency of weaned NZW
rabbits. Elevating THI during summer season decreased significantly
(P=<0.05) growth performance and feed efficiency of weaned NZW rabbits.
These results agreed with those of Marai et al. (2006) and Ondruska et al.
(2011). On the other hand, these results are different than what has been
observed by Daader et al. (1999) who showed that difference in DWG
between summer and winter was not significant. However, several authors
found that feed intake decreased by 40-50% at 30-32 °C (Rafai and Papp,
1984 and Wittorf et al., 1988) and by 30% in summer than in winter (Marai et
al., 1994) and in hot (>32 °C) conditions (Hermes et al., 1999). The reduction
of DFI under summer conditions in the present study may be due to that the
high ambient temperature stimulates the thermal receptors center in the
hypothalamus causing a decrease in feed intake as mentioned by Marai et al.
(1994 and 2006). In contrast, the increased feed intake during winter may be
due to increase the appetite of rabbits (Ashour et al., 2005). Exposure to high
ambient temperature pushes rabbits to balance the excessive heat load by
using different means to dissipate, as much as possible, their latent heat. If
such means fail, rabbits use strategies that include: depression in feed intake
(Okab et al., 2008). The reduction in DWG during summer season was due to
a drastic decrease in rabbit DFI and FE compared with winter season, which
might have led to less protein biosynthesis and less fat deposition (Okab et
al., 2008; Ogunijimi et al., 2008). In addition, Bahga et al. (2010) showed that
heat stress leads to decreased performance of rabbits in terms of decreased
growth rate and feed intake.

Treatment effect:

Data presented in table 3 showed that, DWG, final BW at 12 week, and
feed efficiency values of growing NZW rabbits fed diet supplemented with
0.2% Arak were significantly (P<0.05) higher during winter and summer
season compared to control group. No effect was detected on DFI, which on
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average was 97.4 gm/day. These results are similar to that reported by
Ibrahim et al. (2005) and EI-Kholy et al. (2008a).

The significant (P<0.05) increase in DWG for rabbits received Arak at
0.2% level could be due to the better absorption of protein (lbrahim et al.,
2005), bactericidal, antimycotic or antifungal properties of Arak as reported by
Al-Samh and Al-Bagieh (1996). Also, vitamin C, which is presence in Arak,
has important role in various metabolic processes in the body via its
regulation effect on thyroid and adrenal glands function (McDowell, 2000).
This fact can explain the increase in live BW of treated group. Beside that,
sodium bicarbonate showing growth promoting response in most instances
when included in diets of rabbits (Al-Shanti, 2003). On the other hand, the
minerals content in Arak (calcium, fluorine, and sulphur) can form structural
components of body organs and tissues (Suttle, 2010). In addition, the
increased in values of blood biochemical parameters in the treated groups as
mentioned later, may be the reason of increased in growth performance,
whereas, Al-Eissa (2011) showed that biochemical parameters could be used
to assess the metabolic condition of rabbits.

Table 3: Effect of season, Arak treatment and their interactions on
growth performance of growing NZW rabbits through the
experimental period.

Parameters’
Factors IBW (g) DWG (g) DFI (g) FBW (g) FE (g/g)
Season * *% * *% *
Winter (W) 601.79+10.22 21.31£1.09 101.16+2.53 1752.15£17.71 0.211+0.09
Summer (S) 570.94+11.75 19.48+1.30 93.67+2.86 1622.99+22.92 0.207+0.09
Treatment: NS * NS ** >
Control (C) 587.24+11.21 18.91+1.16  97.57+2.74 1608.43+18.04 0.194+0.09
Treated (T) 585.50+11.26 21.87+1.27 97.27+2.77 1766.71+20.60 0.224+0.09

Interactions :

WxC 602.63+17.032 20.09+1.40° 102.50+3.537 1687.65£19.97° 0.196+0.01°
SxC 571.84+14.26° 17.73+1.68¢ 92.64+4.01° 1529.21£19.66° 0.191+0.01°
WxT 600.95+11.70* 22.51+1.62° 99.82+3.67% 1816.65+22.82% 0.225+0.012
SxT 570.04+19.00° 21.24+1.89° 94.71+4.16° 1716.77431.57° 0.224+0.012

"IBW= initial body weight, DWG=daily weight gain, DFI=daily feed intake, FBW=final body
weight, and FE=feed efficiency.

NS= Not Significant; * = P<0.05; ** = P<0.01.

ab,¢.d Means bearing different letters in the same column significantly differed within each
factors (P<0.05).

Effect of interactions:

Interactions between season and Arak supplementation effects were
significantly (P<0.01) on final BW, DWG and FE of NZW rabbits as shown in
Table 3. The magnitude of improvement was the highest with Arak treatment
in winter. At the same time, there were negative interaction effects of the Arak
treatment on the DFI in two seasons. It is interesting to observe the
insignificant differences in FBW between treated rabbits under summer
season (SxT) and those untreated under winter season (WxC). Beside that,
Arak addition for rabbits reared during summer season (SxT) recorded
insignificant differences in FE compared to those received the same
treatment under winter season (WxT). So, dietary addition of heat-stressed

298



J. Animal and Poultry Prod., Mansoura Univ., Vol. 5 (5), May, 2014

growing rabbits with 0.2% Arak restored the loss pertaining to heat stress and
surpassed the winter control in DWG, FE and FBW.

Blood parameters:

Hematological indices:

Season effect:

Values of blood picture including RBCs, WBCs and Hb were
significantly higher (P<0.05) in rabbits reared in winter season than those in
summer season (Table, 4). This indicates the negative effects of summer
heat stress on hematological parameters which reported by many authors
(Marai et al., 2002; Okab et al., 2008 and Al-Eissa, 2011). Also, these results
are in agreement with the findings of Méstl and Palme (2002) who reported
that heat stress in animals decreased the level of adrenocorticotropic
hormone (ACTH), which might then result in decreases in RBC counts, Ht
and Hb concentration. In addition, the depression of Ht during summer
season was also reported to be related to a reduction in cellular oxygen
requirement for reducing metabolic heat production in order to compensate
the elevated environmental heat load (Okab et al., 2008). Herz and Shenhauf
(1985) showed that the high temperature may induce haemodilution and
increase of break-down in erythrocytes. Ashour et al. (2004) demonstrated
that the reduction in Hb and Ht could be attributed to the increase of plasma
volume by water retention to enable proper water supply for evaporation as
the major way for heat dissipation in hot conditions. Such an effect could be
mainly attributed to elevated THI during summer season, which could cause
an increase in blood viscosity leading to allergic effects and induction of WBC
production in animals (Lee et al., 1976). In general, haematological changes
seem to play an important role in adjusting the rabbit's physiology during
elevated THI.

Effect of treatment:

Table 4 showed that, the values of blood picture including RBCs,
WBCs, Hb and Ht were significantly higher (P<0.05) in supplemented growing
NZW rabbits with 0.2% Arak than those in control group. However, these high
values are still within the normal ranges. The trends resulting from adding
Arak in the present study are in agreement with study by (Ibrahim et al., 2005
and El-Kholy et al., 2008b).

The improvements in the blood hematological values as a result of
treatment with Arak may be due to improvement in the immune response
(minerals and flavonoids have a role in enhancing immune system).
Inclusion of minerals in Arak (calcium, 582 ug/ml; fluorine, 0.07 pg/ml; and
sulphur, 34 g/ml) and flavonoid compounds, (kaempferol, quercetin,
quercetrin, rutin and quercetin glucoside) as mentioned by Hattab (1997) and
Islam et al. (2000) may have a role in improvements of these hematological
traits. Ingestion of Arak has a good effect on the composition of blood
(Ibrahim et al., 2005 and EI-Kholy et al., 2008b). Additionally, McDowell
(2000) suggested that bioflavonoids are a special class of nutrients important
in diminishing capillary fragility, preserving blood cell integrity, enhancing
blood circulation and anti-bacterial activity. The body becomes more
susceptible to bruising and hemorrhaging when capillaries lose their physical
integrity and when tissues have become weakened, the body was vulnerable
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to allergies and immune system breakdown. The same author added that
bioflavonoids and vitamin C worked synergistically to maintain blood capillary
health and prevent capillary fragility. In general, Arak inclusion causes an
increase in total RBC's, which in turn caused an increase in Hb values. This
is due to the positive relationships between RBC's and Hb (Nowaczewski and
Kontecka, 2012). This indicates the positive effects of this addition on
hematological parameters and the positive impact on liver and spleen, as well
as, other tissues like bone marrow where RBCs are synthesized (Feldman et
al., 2000).

Finally the improvements in blood picture can be reflected positively on
the immune system.
Effect of interactions:

Interactions effects between season and Arak supplementation were
significantly high (P<0.05 and P<0.01) on RBCs, WBCs, Hb and Ht values
(Table 4). The highest values of all hematological values were recorded for
rabbits treated with dietary Arak during winter season. While the lowest
values were observed for those fed the control diet during summer season.
These result proved Arak treatment can be help to counteract stress and
enhance hematological traits with high of THI during summer season. The
increase of RBC's in treated rabbits during summer season can be discussed
from the point that Arak as bioantioxidant may be covered the reduction in
body antioxidant under heat stress (Chew, 1995 and Abdel-Monem et al.,
2013). However, Bobyrev et al. (1988) found that free radical oxidation of
lipids, lipoproteins and peroxide hemolysis of erythrocytes increased in
rabbits given diets devoid of antioxidants.

Table 4: Effect of season, Arak treatment and their interactions on blood
picture of growing NZW rabbits.

Factors Red blood cells White blood cells Hemoglobin Hematocrite
(10%/mm?) (103/mm?) (g/dl) (%)
Season * * ** >
Winter (W) 6.47+0.06 7.77+0.07 12.12+£0.10 40.40+0.37
Summer (S) 5.55+0.06 6.51+0.07 9.64+0.10 35.90+0.37
Treatment: * * * **
Control (C) 5.81+0.06 6.7410.07 10.42+0.11 36.66+0.37
Treated (T) 6.21+0.06 7.5410.07 11.34+0.11 39.63+0.37
Interactions : * * > *
WxC 6.21+0.08° 7.360.10° 11.62+0.15° 39.06+0.52°
SxC 5.41+0.08¢ 6.11£0.10¢ 9.22+0.15¢ 34.2610.52¢
WxT 6.72+0.08° 8.17+0.10° 12.61+0.152 41.73£0.522
SxT 5.69+0.08° 691:0.10e 10060 3753205

* = P<0.05; ** = P<0.01.
ab,c.d Means bearing different letters in the same column significantly differed within each
factors (P<0.05).
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Blood biochemical parameters:
Season effect:

Serum TP, Alb, Glb, AST and ALT were significantly (P<0.05) higher in
winter than in summer seasons (Table 5). These changes in the blood
biochemical parameters of the heat stressed rabbits was similar to that of
Marai et al. (2002); Okab et al. (2008); Al-Eissa (2011) and Abdel-Monem et
al. (2013) who found that blood biochemical parameters were significantly
lower (P<0.01) in rabbits which exposed to the heat stress in summer
season.

The decrease in serum TP for weaned NZW rabbits in summer season
group may be due to the decrease in DFI and dilution of serum proteins or
both (Ondruska et al., 2011). Also, the decrease in the protein synthesis can
be due to a depression of anabolic hormonal secretion such as growth
hormone, thyroxine and insulin (Ondruska et al., 2011) or the increase in
catabolic hormones (glucocorticoids and catecholamines) and decrease in
concentration of serum transaminase enzymes (Ayyat and Marai, 1996).
Amici and Merendino (1996) demonstrated that the decrease of TP has to be
considered as an important biological indicator of deficiency in activity of the
immune system function in heat stressed rabbits.

Effect of treatment:

Addition Arak caused significant increases the averages of TP, Alb,
Glb, AST and ALT by about 22.5, 24.5, 18.7, 21.9 and 14.6% than the
control, respectively, but these increases were still within normal range as
indicated by the non-sign of toxicity (Table, 5). These results are in harmony
with findings of El-Kholy et al. (2008b).

Concerning the effects of Arak treatment on TP and its fractions (Alb
and GIb), it can be explained and interpreted the improvements in their profile
in the present study to the increasing animal resistance to any physiological
or physical stress. However, serum TP level is a general indication of immune
status (White et al., 2002). Also, increased globulin concentration with Arak
inclusion as observed in the present study may be an indication of increased
immunity in the rabbits since the liver will be able to synthesize enough
globulins for immunologic action as mentioned by Sunmonu and Oloyede
(2007). The increase in serum TP and Glb concentrations in rabbits
supplemented with 0.2% Arak can be due to increase protein synthesis in this
supplemented group over the control group.

Effect of interactions:

Untreated growing rabbits during the summer season had lower
(P=<0.01) values of TP, Alb, AST and ALT concentrations than the other three
interactions (Table 5). Also, it's so clear that, concentrations of Alb, Glb and
ALT concentrations due to Arak inclusion during summer season (S x T)
were closed (insignificant differences) to those untreated during winter
season (W x C). This result proves that Arak has valuable and precious effect
under adverse hot conditions as in summer season rather than comfortable
conditions as in winter season. Because of environmental stress causes an
increase in the oxidative stress so, antioxidant nutrient supplementation
protects against the oxidative DNA damage through its free radical
scavenging activity (Lee, 2002).
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Table 5: Effect of season, Arak treatment and their interactions on some
‘blood metabolic and enzymatic profiles of growing NZW

rabbits.
Total . . Aspartate Alanine
Factors protein Alb?:l"n GIO?::'" aminotransferase aminotransferase
(g/dl) (g/dl) (9 (U/L) (UIL)
Season * * * * *
Winter (W) 7.50£0.50 5.25+0.42 2.25+0.13 25.30%+1.73 16.43+0.64
Summer (S) 6.14+0.28 4.18+0.24 1.97+0.09 22.36%+1.15 14.15+0.78
Treatment: * * * * *
Control (C)  6.1320.31 4.20£0.25 1.93+0.12 21.48+1.57 14.25+0.80
Treated (T) 7.51+0.48 5.23%0.41 2.28+0.11 26.18+1.31 16.33+0.62
Interactions : ** ** * * *
W x C 7.72+0.45° 5.20£0.35° 2.02+0.18° 24.85+2.59° 15.90+0.96°
SxC 5.05+£0.27° 3.19+0.19° 1.86+0.14° 18.12+1.47¢ 12.60+1.19¢
WxT 7.80+0.90° 5.30+0.77% 2.50+0.182 25.75+2.37° 16.95+0.852
SxT 7.23+0.35° 5.16+0.31° 2.07+0.13° 26.60+1.17° 15.71+0.91°

* = P<0.05; ** = P<0.01.
ab,¢.d Means bearing different letters in the same column significantly differed within each
factors (P<0.05).

Carcass traits:
Season effect:

Table 6 shows that season had significant (P<0.01) effect on carcass
traits. However, rabbits in winter season showed higher significant (P<0.01)
values of carcass weight, dressing percentage and internal organs weight
than those in summer season. These results agree with the findings of
Zeferino et al. (2013) on rabbits. These might be due to reduced DFI and
deterioration of DWG (Table 3) resulted in stressful hot conditions during
summer season. On the hand, Marai et al. (2006) showed insignificant
differences in carcass traits between summer and winter season except in
head and hind weight.

Effect of treatment:

The effect of Arak treatment on carcass traits was so clear (Table 6),
where treatment caused 35% and 6.7% significant (P<0.05) increase in
carcass weight and dressing% in winter comparable with summer,
respectively. These results are in harmony with the findings of Al-Shanti
(2003); Marai et al. (2006) and Abdel-Monem et al. (2013) under different
nutritional conditions. The increase in carcass traits for treated group may be
mainly related to the increase in growth performance. Therefore, pre-
slaughter weight is considered to be one of the most important factor
affecting carcass traits in rabbits.

Effect of interaction:

Concerning, season and dietary Arak supplementation interactions
effects, it is clear that, the highest values of relative weights of carcass,
dressing% and internal organs relative weights were recorded for rabbits
treated with dietary Arak during winter season. While the lowest values were
observed for those fed the control diet during summer season. Analysis of
variance showed significant differences (P<0.01 and P<0.05) in interactions
for all carcass traits.

302



J. Animal and Poultry Prod., Mansoura Univ., Vol. 5 (5), May, 2014

303



El-Sawy, M. A. et al.

On the other hand, Arak treatment caused 8.4 and 25.4% significant (P<0.05)
increase in carcass weight and 1.9 and 7.3 in dressing% in winter
comparable to the summer, respectively. This result is another evidence of
the privilege of Arak during summer season than the winter season.
Thermo-respiratory responses:

Season effect:

The lowest values of RR, RT, ST and ELT were recorded for rabbits
reared during winter season compared to those in summer season (Table, 7).
These results are fairly agreement with those reported by Habeeb et al.
(1998). These differences among the two seasons could be attributed to the
variations in the THI, as reflection to climatic temperature alongside the
humidity percentage. However, rising blood temperature as a result of
exposure to elevated ambient temperature is known to influence body
temperature regulation center in the brain (Glue and Hardy, 1970). In
addition, they showed that the first response of the animal under hot
conditions is to elevate ST by vasodilatation in skin to bring more heat from
the core by much and fast circulating blood to the skin. It could be observed
from the results that, ear lobe temperature was always lower than both rectal
and skin temperature by about 5°C this may be due to the important role of
the ear in body thermoregulation in rabbits (Lebas et al., 1997). Increase in
body temperature and respiration rate are the most important signs of heat
stress in farm animals. The increase in body temperature during summer
season is associated with a marked reduction in feed intake (Ashour et al.,
2005) and redistribution of blood flow (Khodaei-Motlagh et al., 2011), which
can negatively affect the body thermoregulation of the animals. Finally, high
thermal and respiratory parameters of growing NZW rabbits during summer
season may be related to the expected high peripheral blood flow
(vasodilatation) to increase heat loss.

Effect of treatment:

The results given in Table 7 showed that values of RR, RT, ST and
ELT significantly decreased (P<0.05) with dietary Arak inclusion compared to
control group by about, 2.6, 0.6, 0.9 and 0.7%, respectively. It seems that the
literature is still nihilistic on the effect of Arak on rabbit's thermo-respiratory
responses. These results are in agreement with the findings of Abdel-Samee
et al. (2003) and Ashour et al. (2004) under different nutritional conditions.

Differences between control and treated groups can be due to the rich
components in Arak. However, chloride maintains osmotic pressure, regulate
acid-base equilibrium and control water metabolism in the body (Suttle,
2010). On the other hand, respiration is based on the chloride shift, whereby
the potassium salt of oxyhaemoglobin exchanges oxygen (O2) for carbon
dioxide (CO3) via bicarbonate in the tissue and reverses that process in the
lung, where reciprocal chloride exchanges maintain the anion balance (Block,
1994). Moreover, Morsy et al. (2012) reported that the role of ascorbic acid in
this situation may be due to reducing the effects of stress, increasing the
immunological traits and its growth-promoting effect.

It is clear from this study that Arak addition provides comfortable
thermo-respiratory responses to counteract summer heat stress. Under such
condition the animals are exempted from doing exhaustive physiological

304



J. Animal and Poultry Prod., Mansoura Univ., Vol. 5 (5), May, 2014

activities to maintain their normal set-up biological functions. Consequently
their productive and physiological performances will be good.
Effect of interaction:

Concerning, season and dietary Arak supplementation interactions
effects, it is clear that, the highest values of thermo-respiratory responses
were recorded for untreated rabbits during summer season. While the lowest
values were observed for those fed dietary Arak addition during winter
season. Analysis of variance showed significant differences (P<0.01 or
P<0.05) in interactions for all body thermoregulation traits. Also, results
demonstrated that rabbits treated with Arak in summer season keep rabbit’s
RR, RT and ST nearly to that of the untreated group in the winter season.
This is assured by the insignificant difference, for RR, RT and ST values,
between (W x C) and (S x T) .This is another confirmation that treatment with
Arak was more efficient and beneficial under harsh and bad conditions
(THI>27.8) rather than best and comfort conditions.

Table 7: Effect of season, Arak treatment and their interactions on some

thermo-respiratory responses of growing NZW rabbits.
Rectal Skin

Factors Respiration rate temperature temperature Ear lobe
(breaths/minute) °C) °C) temperature (°C)
Season *k *% * *
Winter (W) 179.25+1.78 39.10£0.37 37.95+0.36 32.05+0.31
Summer (S) 189.20+1.78 39.67+0.37 38.00+0.36 32.35+0.31
Treatment: ** * * *
Control (C) 188.20+1.78 39.35+0.37 38.15+0.36 32.30£0.31
Treated (T) 183.25+1.78 39.13+0.37 37.80+0.36 32.10£0.31
Interactions ** * * *
WxC 185.30+2.52° 39.20+0.52° 37.80£0.51°¢ 32.20£0.44°¢
SxC 191.10+2.52° 39.65+0.52° 38.20+0.51° 32.40£0.44°
W xT 179.20+2.52° 39.16+0.52¢ 38.10+£0.51° 31.90+0.44¢
SxT 187.30+2.52° 39.24+0.52° 37.80£0.51°¢ 32.30+0.44°

* = P<0.05; ** = P<0.01.
ab.c.d Means bearing different letters in the same column significantly differed within each
factors (P<0.05).

Economical evaluation :
Effect of season:

Data concerning economical evaluation are summarized in Table 8.
The present results indicate a decrease of net profit for rabbits reared under
summer conditions compared to those reared under winter conditions. The
decrease in net profit (9.3%) was similar to that reported by Ayyat and Marai
(1996) and Marai et al. (2006).
Effect of treatment:

Comparison between control and treated groups, dietary addition
with 0.2% Arak showed the highest net profit (Table 8). The present results
indicate an improvement in net profit, by about 20.0%, for rabbits fed diet
containing Arak compared to those fed diet with no addition. This result is in
harmony with those of Marai et al. (2006) and El-Kholy et al. (2014) using
different growth promoters for NZW growing rabbits.
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Effect of interaction:

The highest and pronounced increase of net profit was observed for
treated rabbits reared during winter season (W x T). While control rabbits
reared during summer season was recorded the lowest net profit value. It is
interesting to notice that rabbits treated with Arak under summer season (S x
T) not only had superior nit profit value compared to those untreated under
winter season (W x C) but also recorded value closed to those treated under
winter season (Wx T). This is another confirmation that treatment with Arak
was more economically and beneficial under harsh and bad conditions rather
than best and comfort conditions.

Table 8: Effect of season, Arak treatment and their interactions on
economic efficiency of growing NZW rabbits.

Total feed Price/ Total Price/k Selling Net
F . kg feed g body . profit of
actors intake diet t/rab ight price (L.E/ h
Irabbit (kg) let ~ costrab  weig head) each
(LE) bit (LE) (LE) head
Season
Winter (W) 5.46 2.60 14.20 22.00 38.55 19.35
Summer (S) 5.06 2.60 13.16 22.00 35.71 17.55
Treatment:
Control (C) 5.27 2.60 13.70 22.00 35.39 16.69
Treated (T) 5.25 2.64 13.86 22.00 38.87 20.01
Interactions :
W x C 5.54 2.60 14.40 22.00 37.13 17.73
SxC 5.00 2.60 13.00 22.00 33.64 15.64
WxT 5.93 2.64 15.66 22.00 39.97 19.31
SxT 5.11 2.64 13.49 22.00 37.77 19.28

"The price was calculated on the base of ingredients price through the experimental
period; L.E = Egyptian pound.

2Net profit of each head = [Price of rabbit meat/ head — (cost of feed during fattening period +
5 "Considering each head coasted 5 L.E included rent, mortality, all managerial efforts,
....etc.”)]

CONCLUSION

It can be concluded that Arak addition to growing rabbit diets exerted
benefits on the growth performance, carcass characteristics, some
hematological and biochemical parameters and some thermo-respiratory
responses. The sum of these benefits was more economically under summer
season conditions rather than winter season conditions. Further studies are,
however, required to verify the influence of Arak addition on the intestinal
mucosa development of growing rabbits.
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Table 6: Effect of season, Arak treatment and their interactions on dressing percentage and internal organs weight

of growing NZW rabbits.

Traits Preslaughter  Carcass Dressing  Relative Head  Relative Relative liver Rejative heart Relative hind
body weight weight percentage weight kidneys weight andlungs  part weight
(9) (9) (%) (%) weight (%) (%) weight (%) (%)
Season: - - - P P > ¥ pe
Winter (W) 1563.25+13.70% 1084.40£9.16° 69.25+0.6312  6.62+0.12° 0.74+0.007%  2.72+0.025° 0.43+0.0042 25.11+0.422
Summer (S) 1279.05+£13.70° 801.65+9.16° 62.50+0.631°  7.23+0.122 0.69+0.007° 2.40+0.025° 0.42+0.004b 23.45+0.42°
Treatment: o . o . . . * o
Control (C) 1327.10£13.70° 854.35+9.16°  63.95+0.63° 6.47+0.12° 0.70£0.007°  2.42+0.025° 0.42+0.004° 22.76+0.42°
Treated (T) 1515.20£13.70% 1031.70+9.16 67.80+0.63% 6.11£0.12° 0.73+0.007%  2.70+0.025° 0.43+0.004% 26.46+0.422
Interactions: - - o - . . * o
WxC 1475.3+19.38° 997.50+12.96° 67.60+0.89° 6.42+0.13° 0.71£0.009° 2.52+0.035° 0.42+0.006° 25.91+0.42°
SxC 1178.90+19.38% 711.20£12.96¢  60.30+0.89¢ 7.48+0.13% 0.68+0.009°  2.31+0.035° 0.40+0.006° 22.23+0.424
WxT 1551.20+19.3821081.30+12.96° 68.90+0.89° 6.12+0.13¢ 0.76+0.009* 2.61+0.035% 0.44+0.006® 26.75+0.42°2
SxT 1379.20+19.38° 892.10+12.96° 64.70+0.89° 6.24+0.13° 0.70£0.009°* 2.48+0.035¢ 0.41+0.006° 24.13+0.42°

* = P<0.05; ** = P<0.01.
ab.c.d Means bearing different letters in the same column significantly differed within each factors (P<0.05).
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